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Th UrtDSRi "Q /'.hi J’QBI .C .oili 

In this piper no tterr.pt h s been, .u e to prf.s*...u 
st-tistic&l study of thunderstorms but r<* t er, by k &tc.y 
of indi/idunl case., to arrive t ■ - u»Rci3 on ;!acn the 
f^rec .sti ; of . uc pdenoaiens. nay oe ,rcf ic.ted fro t..« 
syneptic situ ti n cor.Mneri iuh the upper .ir sotndi s, 
i; .vuilabie. ince tnun.larstcrnjs to the result of wie 

o'- ore I-ctorc it *s decide 1 to umn^c i cl.'sitic. 
lU.c.. in upor. the *.rticul .r factors., jls follows: 

1. tir isass thunders torn. 

a. Convective. 

b. OrO' ra-’hical. 

3. *'ront*l t? i •'rstorn. 
k. Cold front, 
b. v '<.rc» iro 1 t. 

3. L re-front<l thunders torn ou to a conv-r.e.jt liild 
of otion. 

efoie _cir into - e tailed discussion of th<* t^ped of 
t and ers tor' it s cot iide^ed at vis s.bl* to su i-.ri>. - iel- 
iy t' o processes of t> eir ener^ti n. *’irst of all ».v^r 
thurv -rstorrr, '"et •’ ir • ,ss or fr : V 1, is re* -ue w by 
i P olted ^ena tra tiv^ cor.v* ction, ti - result of «n un.-t®ble 
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condi Lion ii the air r&as a, wherein U:e pub-.fttial . due 

to tue initial distribution of leshrervture tx;d tuo-titure «s 
oee» converted into the kinetic er.eryy of the risin^ cuiuui, 

The unstable conniti 'ns required u*j. be developed tv 
Me tin_ of t) e surf-ce layers of the air, or b} lii tit ^ u.e 
entire nus* ov r an ore^rwphic obstruction or iro.tui sorf- 
,c ; providix the »ir so»s* is i »iti tll_ c-nnitiun.ix., uj. 6- 
t-ble. . *c tors s <*hicx. nvay coitrioute to tne cev. lo, i-ont of 
un tn hie conditions, but wnica, it. tu« ii^ht of present d- v . 
<vbo 'led w e cu.n.ot oe considered *s ■ ricar,. causofe of i r./. 
ility, .Te convergent fields of t.otion &r.d r-uiution i run 
..i t 1-. vcl clo <d eye teats. 

To deter' ine if conditions exist *hlc* r-ay ie.d to u e 
fortuetien of a t urderetorm the aero., r • pi. soundly tw- *id 
be letted on a a t» orolo w ical c art, , r> : -nuov *r. *Ul.m u - 
ic or si-iler c urt, .-i ce the ^Taj.nic representation of 
thunderstorm co rcition* i^ root re.-dily rece^nlsauxB thece. 
f ter t e -oxndin^ t„n be j n plotted u.e lift a**, couci**.* . tivn 
lev 1 should be det* rsilised. To ex; lain} an air particle, .ot 
•- . tur&ted, .Ic. is lifted will iolxO' t-iO dry wJi*l*tbic 
Passing through t..e suriace point to its tnr- tl-n pei„.t, 

U intent oction of tnat particular aci xo-».tic with u.e .■ a- 
urated sj ecific hum idity lit.e corresponding to u.e s, t-ciiic 
humidity of t,.e surface particle. This , oint, the ^Cb, hxv- 
in been r* ic .*-6 the particle ill xollo# the etui t nxiiab- 
ttic ao it sc-n<!» further. Ho-*«v*r, »? loo ia u.e rii ii. 
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particle is cooler utea ti.e surrouadi* £ *ir o u.e & :.c 
©»er to y r.ust o « up, lied to i'urt .er its use at. heu u <* «.*>- 
cent curve crosses the sou«din_ curve »nd the .rwicie tw- 
eenies warmer, .nd hence less dense, than its -urrouwiitv,* no 
further mechanical force is necess&r,, t© maintain its *&cer.t, 
free convection will ensue, a ion, as the {.article is earn- 
er than its surroundings its ascent will continue v,o be ao.- 
elierated. Tin an as on t»<e adiabatic cnart enclosed between 
t.*.e aero r -ph ooundls *nd the ascent curve of the {article 
.re ro^ 0 Lly proportional to t .e resistance against lifting, 

• t euch point «! ere U.e risit,*, partial# is cooler to an t .e 
surro uKliKi, air, r to the .j;.»ount of ener.y >ivailtwle f*r 

• ccolerutinf^ b.e p\rticie .t e cu int -..ere it is j irruer 
than its surro undin s. 

In addition to the LCL the convective couce.jSation lev- 
el should be deter Vo explain j this point is u.a inter- 
- ectiors of t.e rutur^tioe specific hut.idity line, tor u>e 
surface point, ith tie a<- r . r..ph curve, hr obi u.is f air.t the 
intersecting ury -ciibatic feileweu down t© the surxc.ee lev x 
. will .ive t.e required temper- ture for conv ctive iift- 
i . to t. e conuen. .-.tion level. tree convection *iil coi-.iir.ue 
on fro*, this point if the r*rticle is • vary there warmer t...n 
its surround! * & . 

i t a *o Id be borne in mind thut thete positive and neg- 
ative are. r represent ncc lerations, not velocities, *nd 
therefore if a particle h s hetn accelen teo upward d..rir«, a 
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portion of its ascent, s s' o*n uj „» ; o»itive ar«« wn v*e 
chart, and t..«i e;-ter » resist <-,t e tx-atuu its v 1- 

ocit> will be decellexMited, rot ..ccees .ril; halted. i.e ev«.r, 
it «t*y be seamed that t..e up o*rd ui t. e ^rLicit 

rfill be cor.pl- 1 ly halted whan t *• reuist<u;t sU'-tut, *. 
represent- d by the ne 0 itive area on the c *rh, is -pprox- 
i*ataly to the acceler itihu *re--it~.., *.* represented b> 

the positive are i, >hic<. naa given the particle its iuivio.1 
i tusj t--i6 point, there tie >.*g ‘live art » h •. re -cnee* 
c(. ; u llty 'it-, the positive, wiij. n.ark the upi raost iit.i v 
of convection. 

In .rriviiij -t a decision *a to t:.e relative effect ui 

t tees positive i-w2 ..e 0 *tive are u , it < ho aid be rexe»uered 

th •> 1 t-.eir ’vcceler-fctiORa %re rodUctd by oil x ere".ce~ in c<r.- 

it.* tetw tea the rising particle - .d the ourroar.dii dr. 

'en.ity i® a functio of both prea-ur «.ua u ...perature 
_P 

C 3 = ft t ' From . considered a of ti.is familiar equation 
it is appvrent that, for a ^iven difference in te»-p.j .tura, 
the density dif *r«»-ce depend* only u ,ok ti.e scores, 

-hi ch »ult be a yual. “hue «a are* of a „iven size at a. al- 
titude w- ere t-.e pressure is bCu s.iliibax’a irdicates oxiy 
one half the accoler.tion e.vich the ev.-e siuec *re& >^. 1 ] 
"xve it an altitude <■?/ re the jres»ure is iut»0 *ixiiua.r». 
Th u .: art > of a pr*ci»ble si^e »r;e\rlu<,; ear t-.a »urf.%ce 

1’ve.l t. v i dlcatior cf a more vivle* t ..nunuerf.ton t. an 
if it appe red t 3000 or ^OoQ met :v . 7 in f\Ct ..ii-i oe- 
coi e no re ip; -rent -ift'-r * t) ex i tin cf the iru-.rstr- 
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siin exAJtples ic. follow. 

fi.e t-.e -ir p-rticl-s .. ve reached t..e cor.^v. . -i.v!i 
j. ve_, eit-.er due to .r s^ri ce ..e^ti-,^, c^.;u tin 

te i.ru-ed. iu.w - t deficit- I. est^d-isued, it -s ~e- 
^ieved thj-t the »t -r crurleic ir* the clc.. <*ilj. a t fora 
r*_ -r*jt until ccnv-cti.a .. .* re .,c~ d t~e ice cr. st-l xtvel 
tu« p i t . e - *e risi particle croe.^s U-- tv.v i*o- 
L .e ■ _ . I ..ere , ice crj stil* rtixi , • ith, s r * -L_i*i_ u.r^u w h, 
t »_ter dro let- serve as nuclei for t .e for_A.tiou ef r«.in 
ro .. j.t -v ce ai.su:. d t.-t preci. itati .n *ill * t ce 0 ir* 
uatix t~. top of u.e cl^-d ..as re -c,.ed v.e ice cry«t-_ _ev:l 
Mtltr ts.uu, tijn is that t-.e \wte-iitial ^r«.Gie.t uc- 

• f .. r t-.e ..svs-o e .t of thu lerst or-* is est 

Lj u.e ejlit-i:*, -i reiadr© s ^.s a r*-s-xt o- vi-lent >tcei<-- 
i*. Uurre v* «itui . v..e clo-a . The _i i_.u« val- or u e u; - 

• *. veiocit} ,_ces- r. t*. , rccuc t is eii=.ct is c - ul„ 

-.._cd to ~e a **.et en ;■«. r secc d. 

I ere is . -eries ef ... .0 t-.e tic* 1 sit-— tio.. 

• »rr v*rious de uf last r. rt t int- . -*c.. 

'i.i jjrotuce tiff re .t ;h» r.:i< ■ . , r- ii a ir<-~ t-.e iv: - 
«tio* ®f a cu*ju1u* clO-id t itL-»ut r.i to t.-e iwr_-ti of 
a viilr.-.t t*--ndrr» t-ra cc .a *u.ied -ail. u r.< .* c. 

t-e-e Jii^rasu t~e t,Te of puea^a*r. * to be ex; eci^a, 1 . - 
the re, rese:.t*tive areas ti. at. -elastic c. .rt, c- - e. - 
tiaited is cl ar cut c^ies. 
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Type i 1* This situation vouicl result in whe x or.. cx '-fi 
of cumulus clouds without precipitation since vhe positive a 
are 4 is approximat ly equal to the negative ar.c t he ICL is 
above the point where convection ce-^es. 

Type d 2 . This situation would result in the formation 
of cumulus with showers since the convections extend above 
the ICL. Mow i ver, a thunderstorm would not be expected si ,ce 
the vertic -.1 velocity attained by the rising air would not 
b* nufficently strong, as shown by tue fact that t-.e .re.* of 
v tilable energy is small. 

^Type a 3. This situition would result in the formation 
of a thunder.* tora since tne convections extend above the ICL 
and t..e vertical velocity ttair.ed by the rising air wouxd 
be aufficently atron . to disrupt tne raindrOj c and establish 
the potential gradient required for n lectric.l displ y. 

Ho ever, hail would not be expected since the area of pos- 
itive area above the ICL is sr-xll. 

Type & 4. This situ- tion would result in the formation 
of a light thunderstorm, accompanied by tail, since tne con- 
vections extend well -bove the ICL and che vertical velocity, 
while reaching appreciable v «iue at tne ICL, will continue to 
oe accelerated for & consider&bl distance above that point. 
This is indicated by the lar_e positive area. This situation 
is co. non In winter months in southward niovin t , polar ranritix*e 
masses • 
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Type & 6. This situation would result in the ioimmtiun 
of a violent thunderstorm accompanied by hiil, since the vert- 
ical velocities attained prior to reaching the ICL would be 
exceedingly large as indicated by the lar^,e positive area 
below th.it point. Above the ICL there is further incre-aein^ 
positive area whicn would increase the accelerations far 
above that point. 

From the above hypothetical situations is would seen 
th*t the si*e of the positive area below the ICL determines 
whether a shower or a thunderstorm will develop from a 
iv n situation and is a measure of the intensity of the 
thunders torsi. Similarly the size of the positive ar-a aoove 
the ICL is a measure of the probability of hail. 






• *4 a* M***# hT, .3 fc ***7 

'-* twil* ,it t 0 * *•>.«*»• - V ^ 5 HU' aO ***£. iv a 1 * 

*• •** ••**» •* W W«* Uii»..;»i 1,9 1 

•**• JV4--4^» 4.^£ *«i t* W-A#* 1 * • <«.* 

- •■■ --> * IW^ViT it • * y ..4 • •*. mA> ..Jen; 

»•» MvUhiiMM *4 UP • API. *rtt4**c 

*J #»i> t**u 

•'w ** • •* •mu»u*x* »yuiv itn *...»» . 4 ^rtt 

i4 l h4 ^ »^ »E# . •**. «P|(* t* li!«* I J 10 V«14 40 J ,w 

. **J« «••*£ Ii4, <M>1>MU * S. -f*-*«i. •«•»•' 

»j itt v»M>i »•* • yft a w H * u •• ■ «uJ)H mii 
•*■>• •.til .Kilt. , . v» T. «J. •<- tcvux-1 

.i**i ■»« w iMmtrrt .. • lit s . i ••! JST .0 







TYPrJ 4 







TYP-j i 5 



Since t .a entire o! tltuuder turxs is ©. e ef 

s t biiity or instability -i brief discussion- of tue exacts 
ef iiftiiv.j subsid nee, coriver ence, and hiveryer.ee a. on t e 
staoillty ef air nis-ies, since Any one of t.iene fectorc suy 
os the deciding one in a .. Articular situation, is included. 

a. . ubsidence incre.-i«-»s the stability of static iuyer 
and incr«ise3 the instability of one alre tdy -nstuole. 3incc 
thunderstorm?) require lifting of particles or strut- of .ir, 
jj some me .ns, for their fermition, t .e offecto ef sub&id- 

nce no -d not be consideied further. 

b. Lifti d cr-.-a- s Ui« et-bia-lty of a. st Oxe *a*yer 
am,. decreases the instability of an unat.ble one, before sat- 
uration, but incre-ses instability .iter s*. turatior. . 

c. Convergence uecre>se« the Btubilit.' of & st -tie jAj - 
er af decre-ses the instability of an unst-ule layer. 

d. Livergence incre-ues the ct~bility of a stable layer 
end incre-s.s the 1 iStability of an un txolc xx.y er * 

In all the Above c*ses neutral ata-ilit. is the limit 
of the effect of the process; i.e., none of the processe. 
c»n convert a stable l*ver into an unstable one ©r vice vu‘- 
s>, unless caturtion occurs during tne process «nd in it- 
self causes the ch*R«;e fro* stability to instability. 

in this connection tie io^llob ric field is a potent 
factor, an i sal Lob ric 1©* will -roducs convor 0 ent fl.-/ ,'ith 
a resultant decrease in the stability of tue iir. This t*.y 
be sufficent to ehru.ye * stable maps to one conditionally 
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unstable vith resultant thundertto n» .ctivit„ . Ihus, inst ;t- 
ti n ©1 an aerograph Rouwcln^ without reference to t» e n- 
optic cuart rai^nt indicate ;.o prob.biiity of U.und j: t u»3, 
Vio-.ev r, tie cnanye in structure of the air mac* produced by 
i strong conver ;nt field of motion, indicated by the pre - 
-.nee of strawy negative tendencies on the weather m*.p, a*y 
be oufficent to produce coMititn 1 i..st -bill ty. a l'.r 
is known tu re is t present oo »r*8 of (taking a cu^ti tdt- 
ive deterr ini*tion of t're effect of ees*.vcr<£cnce u;.on stab- 
ility; tnerefore esti--*ti:n of its effect mutt be based upon 
exp»rience. an ex m le of this particular situation is ..ivea 
in section one. 

Converse!; an is llobaric t.i producing a diver*,' nt 
flow, may stabilize a ecrxJitioi' lly un-f.ble aies ana p.ev- 
e t the formation o:' thurc rx terms Aithoa'd an i* * ction 
oi the iero_r*ph eoundint lay h*ve indicated their ; rebat- 
ilifcy . 

tie re also it is rfell to note th ~t <.iv.r,„eut fit*. , .1- 

the t h cor ,a nly isaeci teu ith subsidence, is ax. ays pr®«- 
*nt i~> «ir overru. nlnj a #i 'z, fror.tj except n ur a *?.ll 
tfovelopm low pressure center, .net -. 1*0 nay be r.;*cse..t in 
• ir bei'i; lifted ©ro graphically . Xh c .ee of coitlltiii'llly 
unstable iir -rhich is :s *tur ted by tne iiftin, pi’oce^a., 
fro t-.l or oro mpt.ical* t .is diver. ent 11 v au<'s to the 
i/.&twbi a* ty .reduced, i'us iir 'lc in. from & ■ i/u eotor, 
in whic 4 L- ere -r j.e tive tet.de. cie , ovtmi-. i.._ i .♦ irir 
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iro ’.t i® 3uoj*c ted 8uec«c#iv® ljr to coi vcr,« ce, ii.tif*. . u 
' inally divergence, e ch preceea tend!. to roc-uco 1 m t o- 

. nether factor -«hic~. rust be considered i? eetit ti;«a 
the cl astjea in t *e structure of an air .ns. a t r ti e *ero- 
rft- h so indiri has teen nade ia the a-v It a*nt at l*r*a 
ic^ie turbulence cu • to a 1 »r ; e vertical velocity _r-uicr. 
Turbulence t. nds to produce a state of neutr 1 e< 4 uiliLrur.., 
eitfc r for the dry or ealur.-ted stite, de^ei-oi. 0 u. on ti.e 
• i'ount of .jointure * reacxkt. T*.ia reduces wie rei*tiv# i uu- 
idlty o. U.e sur. ce layer .^<3 this raises the CCu and t .e 
riv xi *> temper ture i’wtuired lor five convecti-n. «-duit- 
ion, ir <; « : txiruw of Roi? ture in t e up. er ±%ycrv, 

*n ;*> ct f turbulence, b-in subjected to lilt « ill ue 
a»*de mr« a table ince tie upper layers rfoui*. re.ch .» • tur- 
vtion Uloi*'. t.c io er -nd b «r : <4lta coa at toe nci^t ju- 
i v/»tic rite while the lo*er levels weu-d Sviii s-e coolin^ 
at the steeper dry adiabatic r te. dn u.e other hand, ov .n 
thou h a sound in :<ij shaft tie rresence of a l<tr,„e inve. sion 
©r st»Dle layer- hich *.ill clock co vective aetivitj, turb- 
uler.ee suy be sufficent to »lt r tris etrucvtire -nc. eru.it 
thunderstorm devslo; rmt uiic} "ould not tc anticipated ii 
this f -ctor were not considered. 
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The c .oice of specific humidity o i tfcs poiiit to 
r .iaed 0 " coi vectioa from insolati-n-i *,e tis 0 is, of cuar^e, 
of considerable i xrorUnce . torrulxy, en days vvi.cn convective 
activity io goin,; to occur, t:.o exrly morning iwurs .. iix be 
cio*r and a surf xce inver? ion developed uy nocturn.il r&cia- 
tion. In this case it Is customary to taxe an iver&^e of t..e 
.specific humidities of all points below the top of t..e in- 
version nd use this v ilue n t .© actual specific humidity 
of t. e poi. t to be raised. This is p irtical<>ril v true if any 
•i i nd is ex; ected during the day »hich will mix the lo*er 
l.yers. 

The exposure of the station r.ust also be taken into 
consideration ; thus if the flo of air is from a water sur- 
face, such ws a coastal or lake station, no decrease in the 
surface cpecific tumidity need be anticipated. 

In forec aStirg t e convective tppe of air trus.- thunder- 
torm a kno«rled & e of the probable maximum ten, er iur< fur 
the rity and t*> rat- of ch n^c of temperature during the day 
i - essential. 

The r» le of change esf teur er .ture of the turince do, ends 
upon the amount of 1 j solation received *na the eoix co^un ts 
~he first is practically con*t-mt throughout the e*tr for the 
sane sky conditions out the latter vary widely fro pl^ce to 
pi ce, dOT.erh. i' u' on the ©mount of coil cover, the character 
of t .e soil ind t' e -mount of »oi; ture present in t..e oil. 
•in-’o ths(-e are too variable and difficult to ascertii-', t a 
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use of equations to oaurai i« v-l-j.. oi ch-.^o oi siaUi\. 



004 ;- not yield results wort}.;/ of true u.ouut oi 1 uoi* invox- 
ved. in tend, lor this purpose oiur , *1 test er.^ture curves 
for etch month of t .e „ oar, under the ciii’leixnt sky ur. d our- 
faico co editions, should prove to be of considerable <*s 1st- 
aice. These carves c*.n be mde up for cleir, cle-u; , ,-arfly 
cloudy days, and dry nnu wet soil, rvom thermograph records 
of 'not years, the amplitude ef the curve and the variation 
from the mean for e -ch hour or two hours obtained. These 
values can then be plotted on an irbitr .ry bcale ef temper- 
ature versus time nd the ..cnerai shape of the curve obtain- 
ed. -or examples 




heedless to say, tr.e curves for any two c*.ys u:.aer siffv 
iiar conditions will very probably h-ve different aooelate 
values bit the a ener\l shape of the curves should be tie 
s-ae. The forecaster, knowing the am . lituc-e of iiis curve, 
can apply this to his minimum temperature ant determine 
whether t e require te” erature for convections can be 
r e -ched. 
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In situations where lifting ef an appreci -oxe 1 v ; x- 
will be a factor in thunderstorm development the equivalent 
potential temperature, Be, of e..ch salient point, together 
ith the lift required to satur.it* euclx, is extreme i, val- 
uable to the forecaster in his examination of the soundir. w s 
available. Cince values of decr-asiny with increasing 
altitude, indicate potential instability, and the i. die u. ted 
lifts t.ive the lift required to saturate a piven str, turn, 
the forecaster, after sufficent practice, can determine ho.* 
much lift is required to release the conditional instability 
of the air mass in question, the tnicknas. of the unstable 
i**ycr, and the point where free convection will sts.rt, from 
an inspection of the sounding. In addition, the rate of cec- 

ss c/ Q E 

rease of <%, -jg , is a measure of the decree of instability 
present and therefore of tie positive area w..ich would be 
obtained by plotting and actually performing the required 
lift on an adiabatic c tart. However, ?ince 9e ie reported 
only to the nearest vhole decree, sourdines . here the values 
sho* a v<:ry nr all ceviation fro- the x»eoij should be plotted 
»nd the lifts p* rfona..d; constant value of Bg ..ould ir.di- 
cat neutral equilibrium for the saturated state and i.er.ce 
that a thunderstorm would be i ' ossiole since r-o verticil 
accelerations ou^d be dov loped. ”ri ex mple of thir is 
iven in >r:n fron^ situation 1; the soundirq, s.io. a con- 
st nt v-.lue of 9 e , 3 29 °, from tie surface up to 2 . 80 motors. 
However, actually '©.-kin. it out on an adiabatic ch^rt she s 
that a sli,.: t de^r e of conditional instability doc. exist. 
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Through out trie aper .*11 sso^ndin ,» Lave been plotted arc 
the lifts actually r-srferraed on a, adiabatic clr-rt. -rice u la 
difficult to conceive of lifting taking pl*ce in tt»e at oupi ere 
•it. out diverjonca -t sc e level, the lifts *ve beer. \ crfernied 
with r spect to the altitude ucale and not the pressure oc le. 
Thin procedure introducer- approximately diverge .ee in a li*.t 
el one kilometer, -..ic i considered to be co zo rv&tive. k«w- 
vvt-r thi# is a ve y tedious . rocea i a.-. .*.0 .Id i ot, n-c. t i.* 
oord-r line cj Cw, be .tecessary aft r t-.e icrec-iow 1 i. 4 oacoa^ 
i-jil^>r ith t !8 u e of . ,d lift. 

/ 

AI iiA; • fYho.jt? 

I; tne followi-i.; ex>snples t.ie cue tor-.* r. ~et. i-d 01 ci-*ssii- 
ic*tio<- of air nzaaees is used, - ue. *s Tp, »-c, etc. In Miuition 
t;.e symbol of an air r \sf, retinol*. to* »rd its * o-rcc re^iu., 

!•* preceeciec* by t- e letter " f $ for ex. .pi® ~c dei.otei foi%r 
continrntal air, which 9 not resaf-ed i i->*/ latitude* - .-uf- 
xic&nt length of ti. a to .9 u«*< tropical c. ..r *<-t»ri. tics, retur.j- 
in 0 ■ orti.’* trd toward it; :Ozrce region, -ubocrij t • -r 

*lso Added to indicate the number of u y a-. *ir a’>i ca been 
oiovi.y from its o.;«a region. The su^scri; t eate ec to t.e l*it 
01 t e symbol i die ta. * tr .jectorj evur * .ter - nit ce~, enter- 
ed to t .e riiit-t lnd c tee trajectory cv^r 1 - d »r«a», J, 

•i ‘ifie.i jol-r , -cific -ir one day fro* itz> .• oarc , «it. » «* - w- 
er tr-Jectory. Tz^e use of "o’ • « • subscript desist*. t*s tr.v a 

lor * consider ble >ricd of time, suflic.. t that t.e *ir . .. 

lo. t its eri,_i .a .1 ch ir ‘Oterietice but h r «.©t - u. .ad hue c..ar- 
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act^risties of tir typical of the region owr which it i. 
moving, e.g., oKPc signifies polar continental air return- 
in.., northwara if ter a ti'&jectory over ater of sevei*ai a&>a 
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AIR kA3S ThUI DUP STOKalS 

Under this category are included those thund-.: rs terms 
occurring in the absence of frontal activity; those caused 
by surface he xtirg and orographical lifting. This type is of 
course mere frequent in the sum er months. They may occur in 
ul.'.ost every type of air mass, but are observed no3t frequent- 
ly in T 0 and Ta masses due to the typical structure ef condit- 
ional instability and lar 0 e moisture content inherent in tnea. 
however, they re observed on the P cific Coast in ./inter in 
fresh Pp air; illustrations of this type are included in tnis 
section. 

In the forego in ' section the general mechanics of thun- 
d r storm formation have be-.n discussed, and mention made of 
Che f ctors whic i, within t^e force -st period, may pltcr the 
structure of the air from that sho n b; the origin’. 1 jero- 
grapn cui-ve to a structure, either ..ore or less f vor..bie to 
thunderstorm production. In addition, a clas* ii icutioi* .vitii 
rusjcct to the t. pe cf phenomenon to be expected irom a ^iven 
structure, once convections were established, was t,iven. 

In this section several examples of air mass „hunder- 
torms ire presented, with a brief description of wh<a.t appear 
to be the salient features of e -ch. Unfortunately, in t~.e re- 
ports, the relative intensity of the thunderstorm ano the 
typ. and amount of precipitation are fre^uentlj not jiven. 
here possible, this has been estimated by consideration Ox 
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of u*e precipitation reports on the we-it-.er maps. However, 
ti:ese can by no means be considered conclusive, six.ee by its 
very nature thunderstorm precipitation is sporadic; *nd tne 
reports received from two closely adjoining stations may be 
widely variant. 



EXAMPLE # 1. 

Pensacola, Florida. 28 .pril, 1936. 

This is type •' 3, air trass thunderstorm situation. 

Fir it, consideration of the synoptic chart shows the 
forecaster the air mass or masses with which he is uealin^. 
In this case the synoptic chart shows that, durirg, tne fore- 
cast period, he will be dealing with but one air mass, char- 
act rized as RgPcp, approaching Tg, but emph itically not a 
true Tg air mass as is clearly borne out by the aerograph 
sounding which shows t ie stratified moisture distribution 
typical of old Pc in this region. Incidentally this strat- 
ification gives a very much more violent reaction when lift- 
ed, convectively or frontally, tn\n pure Tg with its more 
..ymmetrical moisture gradient. 

The explanation of the choice of the specific humidity 
to be used ier the rising particle h.^s been given above; in 
this case, due to the location of tue station on the i.,ulf of 
Mexico where t-.e surface levels are assured an ever fresh 
sup ly of moisture, ith on-shore winds, the actual specific 
humidity, 1. grams per kilogram, of the surface ; oint is 
chosen. 
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Inspection of t ,e adiabatic chart show* t..e Lliu at 
lOOo millibars, 14. meters. If the noiot idia.JJa.t.ic is foixow- 
eo up fr®m thin point it will show st cn-11 negative, resist- 
ant, area to 9 '0 *. illibara . Unless there in some e, .o; tic 
factor, or vn oro. rep hie obs truetien, to charge the i uruct- 
ure of the air or to i'urV er mechanically lift it n-~ convect- 
i ns from lifting would be expected to take place. In this 
c*.se no such conditions were present so attention ie t,iven 
to the CCi*. 

Inspection shows the CCL %t 962 ailiibnre, 60^ meters j 
t e dry adiabatic followed from here te the surface point 
h.o s that a maximum temperature of 2b. 6 G C. is required to 
est blieh free convections from insolation. 1 heatin 0 . \n ex- 
inntion of the ciurnal temperature curves for t-.is station 
sho- s th». t such a t mperature is not excessive for t e date. 

Since free convection is a probability return to the 
CCL 'rd follow the moist afiibatic up from that point. It is 
seen trat everywhere t <e aero^r -h curve is corner th..n tne 
pith followed by i surf- ce particle rr.ovin^ an ti.e j-oi.-t <c.- 
i bntic from the CCL; in short, t. t t ore is positive .irea 
at all roints ^hich would ncceler-te a particle f r * dist- 
ance of 3900 met> rs from the CCL .o t.-e ICL, anci for some 
Cist-nce, v'ich, ,ue to the termination ®f tie \ero.rarh 
soundin;, c *nnot be determined, bey rd th<t ~ in t . 

thunder- tor- should be predicted for the ft.tion. 

Tine- the ICL is v.vr hijh, 38^ Tillib*»rr>, 4600 meters, A nd 
the rtructure above that point cannot be completely * ictured, 
it ould be safer to predict only rain ith it, hail rrobitly 
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would not i-e xoh the surface. T.ie time at which convections 
would re ch the condensation level could be predicted quite 
accurately by use of the diurnal temperature curve? and t .e 
adiabatic chart, but predicting the hour it which toe thun- 
derstorm would bre dc, or how lon^, it would last, is a fine 
point which will not be attempted her- . 

A thunderstorm of considerable intensity accompanied by 
1" .12 of rain, and ^usts of 3b knots, occurred it the station 
at 1830. 
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ieiis&cola, Florida. £1 . ^ , 1U36. 

This is t y, e 3, air mass thunders core: situation, 
s in case one, first consideration is 0 iv n to the syn- 
optic chart to determine the air sass ^ith vhich the f u rL- 
castcr ia dealir,. . In this case the air suss is ! c . 

The actuul - r cific humidity of the surface point, It. 6 
i-.ng per kilo^ru., i» chosen to determine the LCL inu the 



CCL. 



The LCL i.. found to be at 1007 millibar*,, 130 .r.v. t«ro. 
i'er , t^ain, tnscnanical liftinj to ars extent '^ic c -n not be 
re-iised, or a c..a.,;e in the structure of the iir ma.>s, which 
the synoptic chart shears not to be probable, tfould be retir- 
ed for convective action from lifting. 

The CCL is Sound, to be at 920 »1 111 bars, 93o ftset ra. *he 
cry abiabatic folio,* -d from here to the suriace oUit oho«s 
that a oiiXirfAira te.T”' riture of 2t° C. is required ior free con- 
vection to take 1 iC . Inspection of t..e . t.ticn diurnal temp- 
erature curves sho ® that such a temperature is not excessive 
for t .e d .te . 



r v . turnin to the adiabatic cnart and following the moist 
.vi:>bi-tic up from t.>e point *here it intersects the CCL it ia 
seen that -voryvrhere *bove that point lies a positive ar$i. 

rtrticle le >vi the CCL •*ou Id be nccelerit u for 4170 wet- 
ers to the TCI ind fer a ’ist^i*ce beyond ti-t : Aint . Acci can 
not be es ti at ad. 
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A thunder 3 torn j jould be r red let d Tor u.c /tutl-ii. 
Since tno I CL i.*. v ry Li;h, SCO ftilli~ai\», owOO meter’s, -od 
the structure ubov that ; oi t ci not b< c cMpletely pictured 
t »-ould be a vfer to praiiet onl> r-ln to .coo any it, hail 
p 'obnbly would not read tho cur 'nee. 

' thunderstorm of s.li ht intensity Accompanied b. * 
trace of nin, no rucorricu b Uf, ks, occurred, xt the station at 
17 0 . 
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EXALFLL It 3. 

Pensacola, Florida. 21 August, lt>36. 

This is type ji 3, air mass thunderstorm situation. 

The synoptic chart indicates tnat the forecaster will 
de with but one air mass during the forecast period, Tg. 

In this case, due to the small temperature inversion, 
which should be wiped out shortly after the sun rises, the 
mean of the actual specific humidities of t-.e first two 
points, 18.1 grams per kilogram, is chosen as the actual 
specific humidity of the particle to be lifted. 

The LCL is found to be at 962 millibars, 440 meters. 
Since mechanical lifting in this amount cannot be provided 
here attention is turned to the CCL. 

The CCL is found to be at 908 millibars, 970 meters. 

The maximum temperature of 31°. 2 C. found to be required for 
iree convection is checked on the station diurnal temperature 
curves and found not excessive for the date. 

If the moist adiabatic is followed up from the point 
where it intersects the CCL it will oe found that positive 
area is present to tue top of t^e curve. A particle leaving 
t.e COL would be accelerated for 4770 ra pers to the ICL and 
for a distance beyond that point which cannot be estimated. 

A thunderstorm should be predicted for the station. 

Since the ICL is very high, 512 millibars, 6740 meters, and 
the structure above that point cannot be completely pictured, 
it would be safer to predict only rain to accompany the thun- 
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derstorm, hail probably wouxd not re cu tae surface. 

A thunderstorm of moderate intensity, accompanied uy 
0" .21 of rain, no recorded gusts, occurred at t^e station 
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Anacostia, Virginia. 10 July, 1936. 

This is type if 3, air mass thunderstorm situation. 

This and the following case, /5, are introduced to indic- 
ate that thunderstorm forecasting is not always certain. From 
a consideration of the synoptic chart and the udiabatic chart 
it is not believed that many forecasters would have predicted 
thunderstorms for this day. Since the possibility of lifting- 
setting off free convection is indicated as impossible, no 
frontal activity being involved and orographic obstacles 
lacking sufficent height, the only possibility of thuncer- 
storms would be convection due to insolational heating. A max- 
imum temperature is required for free convection which would 
not have been anticipated for this day. however, thunder- 
storms did occur on this day. 

The synoptic chart shows that the forecaster ,/ill deal 
vith but one air mass during the forecast period, Tg 3 , 

In this case, due to the large temperature inversion, 

*hich would have to be wiped out before free convection could 
arise, the mean of the actual sp cific humidities of the points 
from tlu. surface to the top of the inversion, 12 0 rams per 
kilogram, is chosen as the actual specific humidity of the 
surface particle to be lifted by convection. 

The CCL is found to be at 678 millibars, 3420 meters, and 
the temperature required for free convection to be 43° C. 

This would ceem excessive, but since that temperature was 
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reached on this da/ it will b® followed through on the 
iubatic chart. 

' hen the CCL is reached by convections due to insoxat- 
ional hettin^ it is found that, following the rawist adiabat- 
ic up from its intersection with the CCL , everywhere above 
that point will be positive area. The 1CL is very hi> 0 h, i>30 
ecillibars, 6400 meters, and the whole structui’e of the pos- 
itive xi*ea. cannot be pictured, but a article will be con- 
tinuously acceler .ted from the CCL for net ere to t^e 

ICL an . for some distance beyond that point. A thunderstorm 
should have been predicted for the statiun. 

A hi c ,h level thunderstorm of slight intensity occurred 
over the station at 2100. y o record of type or amount of 
precipitation. 
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LXAMFL*: . b. 

Lakenurst, . e* Jersey. 10 July, 1936. 

This is type ■ r 3, air mass thunderstorm situation. 

This is a situation pr cticAlly identical with t. at at 
'nac ostia, Va. on the sate day, example r 4. The only differ- 
ence lies in the surface inv-rsion being smaller and the mean 
sp cific humidity 3 0 rauaS cr kilogram higher, 14 0 rams per 
kilogram in this case. 

Here again the LCL is meaningless, sue to the tremendous 
lift required, and attention is confined to the CCL. 

The CCL is feuna to he at 744 millibars, 26o0 meters. 

The maximum t raperature required for free convection is found 
to be 40° C. This would seem excessive, but it ’*'as exce ded on 
this particular day. ’ hen the CCL is reached by convection 
due to i isolati nul heating it is found that, folio- i t> the 
•oist adiabatic up from its intersection with the COL, Uie 
area cv~r;avhere abov that point will be positive, .’re ICL is 
very high, ol3 millibars, 5b80 meters, a. id the extrap olated 
aerograph curve above that point ar t .eirs to be closii*^ up the 
positive area. Ho- ever, there ill be acceler tions on a part- 
icle for 2930 ;etero, from the CCL to the lei and for an un- 
d-tei*mined distance beyond. thunderstorm should oe j rodic- 
ted for the st.tion. 

A high level thunderstorm of slig* t intensity occurr d 
no i* the station .t 2100. T o record of type or .. lOunt of prec- 
ipitation. 
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SXAUPLi ii 6. 

Anacostia, Virginia. 11 July, lu~6. 

This is type 3, air nags thunderstorm situation. 

This and We following case, 7, *re introduced to 
indicate that under a ^iven set of conditions, similar in we 
train points to those existing on the previous day, the same 
phenomena may be expected for both days. 

Tne synoptic chart shows t.;* forecasted that he will 
deal #ith but one air .;aso durin^ the forecast period, ^3* 

b taean value of specific humidity, 12 grains per Kilo_r an, 
is chosen* for the actual specific humicity of the particle to 
be lifted. It raay be noted that the ^ridient of specific hum- 
idity has decreased from the previous day. The larger values 
aloft stay be considered as due to w.ixiAj. 

As before the LCL is without ue-aLLr^. The CCL i. found 
at 697 nillibirs, 3140 meters. The ruixi&um temperature re- 
quired foi* free convection is found to be 41° C. ' ith pract- 
ically tae same conditions existing as on the previo-s nay 
it nay be assumed that -his is not excessive. 

’hen convections reach the CCL it is found that, fouiow- 
in^ the moist adiabatic up from that point, tne area every- 
where above will be positive. The ICL i.’ very hi_h, U27 mill- 
ibars, 5340 nk-ters. K particle leaving the CCL will be con- 
tinuously accelerated for 2200 meters to the ICL and lor a 
distance beyond that point which cannot be estimated. . 
thunderstorm should be predicted for tne station. 

A thunderstorm occurred over t.*e station at 1910. 
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JtaCAMPLS # 7. 



Lakehurst, New Jersey. 11 July, 1936. 

This is type // 3, iir mass thunders torsi situation. 

This situation is practically identical with case 6. 

The mean value of specific humidity, lh gratis per kilo- 
gram is chosen as the actual specific humidity of the part- 
icle to be lifted. 

The CCL is found at 699 millibars, 3180 meters, and the 
maximum temperature required for free convection is 41?6 C. 
Again, considering the previous day this is not excessive. 

”'hen convections reach the CCL it is seen that, foxlow- 
ing up the moist adiabatic through this point, the area 
everywhere above will be positive. The ICL is very hi^h, 308 
millibars, 5700 meters. Convections which re^ch the CCL will 
be continuously accelerated from there fur 2580 meters to 
the ICL and for a distance beyond that point which c^niwt be 
determined. A thunderstorm should be predicted for the sta- 
tion. 

A high level thunderstorm of slight intensity occurred 
over the station at 2000. There was no record of ty t e or 
amount of precipitation. 
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EXAMPLE tf 8 . 

San Diego, California, 4 December, 1936. 

This is type 3, air mass thunderstorm situation. 

Consideration of the synoptic chart shows the forecast- 
er that during the forecast period he ill be dealiru, with 
only one air macs, ^Pp; and that the pressure should fall £or 
some hours, due to an approaching trough. 

The actual specific humidity of tue surface point, 6.3 
^ rams rer kilogram, is chosen for the s .turation specific 
, jmidity of the surface point to be lifted, either oro.raph- 
ically or conv ctively. 

Inspection of the adiabatic chart shows the jX ^ at 329 
millibars, 720 meters. If the moist adiabatic is followed up 
from this point it will show a small negative, resistant, 
area to 780 millibars, 2160 meters. I. 7 o possibility exists at 
this station for the mechanical lift required to set off free 
convection so attention is turned to the CCL. 

The CCL is found to be at 872 millibars, 1250 meters, the 
maximum temperature required for free convection is 17° C. 
Inspection of the diurnal temperature curves for this station 
si o that this te.cerature is not excessive for the dite. 

Followin_ the moist adiabatic u : from its intersection 
ith the CCL it is found that it lies to the right of the 
aero raph curve from 872 millibars to 6?0 illibars, 3380 met- 
ers, and to the left of that curve from there to t. e er:d. 

This means that there vill be accelerations on a particle 
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leaving the CCJL for a distance of 1730 meters to the GdO 
millibar level, 'hero it will enter a resistant str tu» and 
be cccellerated until upward velocity is completely waited 
at a point which cannot be determined due to the termination 
of the sounding, however, the ICL is at 779 illibars, 2150 
meters, within the positive area. There /ill te accelerations 
on a particle leaving to.e CCL for 900 meters to the ICi unu 
from tnere to the be^innin^ of the resistant stratum, coO 
meters further. Cince it c .n be estir. ^tod that vertical 
velocities of some moment will extend xor at leu.st 2000 met- 
ers a thunderstorm should be predicted tor the station. Lignt 
showers could very well be expected to accompany it, but cer- 
tainly no hail. 

The .axiirum required temperature of 17° C. was reached 
at 1100 at San Pie^oand a thunderstorm of sli, ht intensity 
accompanied by li^ht showers occurred over t»-e station at 1240. 

Although it was not needed to indicate thunderstorm 
possibilities, the fact that a decrease of pressure was inde- 
bted for the station /ould have su, ested a probaoxc increase 
in the instaoility of the ascent curve due to the development 
of convergence, had the case been border iine this sr.ouxd have v 
lent weight to a decision to forecast thunderstorm conditions. 
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Pasadena, Ctliforai *. dV- »*ircn, 1^37. 

This la type 4 t air a ,os tfcunderatonn situation. 

The *yneptic chart shows the x*er*c v»t«sr tnat -e win 
d« «i with but one iir an* • , 2 p Pi» during the forecast period. 

The aatur tion specific humidity, 7.4 ^r&sus per kiio- 
.r&®, is cho w at the actual specific tumidity of t.;e ur- 
face particle to oe lilted, either oro 0 raphically or by con- 
vection, aince tie station is near the sr-teoast end there is 
no ir.v rsion. 

Inspection ef the adiabatic chart shows that t<.e i,CL is 
at 970 millibars, 840 meters, as is the CCI,« A raoi„ t adiab- 
atic followed up from this point ill show everywhere a pos- 
itive *rea. The elevation of Pasadena ia iOt sufficent to 
provido the lift r«<. 4 ui.ed for free convection, hill- ne rby 
in the path of the flow are hi 0 h enough, U;ou 4 > in this cuce 
lift v t 0 not necessary for insol&tioxial heuti set oft the 
convections before th« air had reached the hills. The CCL 
indicates that a maximum temperature of 13° C. ia required 
to establish free convection. This temperature was retched at 
about the time the aerograph sounding, from San bie^o, Calif- 
ornia, wa© made. Convections had already st-rted when t;.e 
air* reached this st-iitn. 

Convections will cause a rising particle to b<* icceler- 
ated for 1690 esters to the ICL, which is seen to ts .t 797 
millibar^., It 30 m-terc, and for several t ousand ~..eterc 
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above* that point. Ox trapo lotion of the ascent cai-ve inuico.t- 
es a closing of the positive area somewhat above 6000 meters 
In this case, since the ICL is so low, the probability 
of violent electrical phenomena is remote, but the forecast- 
er would certainly be justified in predicting hail accompan- 
ied by a light thunderstorm for the station. 

A light thunderstorm accompanied by considerable hail 
and rain showers occurred at this station at 1246. 

The ascent curve for the following day has been adoed 
to point out the stabilizing effect of subsidence, which has 
rendered the same air imss, violently unstable one da^ , 
stable on the following. From this curve one couxd predict 
a few strato -cumulus with bases at 9o0 millibars, 600 meters 
and tops cut off by the stable layer at SoO millibars, 1690 



meters 



rst 



7 



, 



J 



TIME SOUNDING /-$ 0 C 
COMPUTED BY_ 



.EST 



CALIFORNIA INSTITUTE OF TECHNOLOGY 
AEROGRAPHIC DATA SHEET 



STATION. 






J/t- '> 7 



DATE 



ELEV. 


Pres. 


^ Temp. 


RH 


9 

c 


w 


Lift 




/j ' 2- 


*> 

r 


c 




7 7 


t/i 


-ML- 


" 1 / 


L 


;v 


J •// 


yv. 




/f< 




* 

- . 






} > 


Jo 


-7S 


7/o- 


^ 7 

L'_ 


l 7 


7 7 


*l6> 


7 : 


l 6 


6 r ( 


-/( 


/-y 


• ? 


If 


1 

/ 


Yll- 


i-S j 






77 


ti 


■7(7 


Ml 


>7 


-a 1 / 




/ 1 


OJ 


. 














































* 























































































/ 




— 





(10c 



FORM AC-3 10M-4-J4 






d /. 



Clouds 



Air mass 



' Remarks 









Ol-H> 



J J v 



xx$ 



03X 04 OlS 

\ 



V 



i 






TO KI4 \18 
12 V 16 



A 5 









S 6 



6 



> \ 23 \ 27 

10 V 12 \ W \ 16 W \ \\2S \ 30 35 



If Ni I3\IS\I7\I9 

\ ' \ * \ ' 1 



U\\ V 



K 






l\ \V\ 






\ 



doo 









m 

JZULZ V; 



4*4 















id. 



M 



\ \ 



t 




3 5 8 10 



-30 -20 
T^^rrr 

3 

ai titi inr rvvu^jru 



k \ N 



ttl 









0 



0 



10 



30 



106 



KXAMPLb ,v 10. 



Pasauena, California. 16 X&rch, 1967. 

This is type 4 3, air mass thunderstorm situation. 

Consideration of the synoptic chart shows the forecaster 
that during the forecast period he will be dealing with only 
one air mass, Pp. 

Prom the adiabatic chart it is found that, within the 
accuracy of instruments and chart, the surface layer to 200 
meters is saturated, at 10 grams per kilogram. 

Convections due to insolational heating will cause the 
surface particle to run immediately into a resistant layer 
which extends to 692 millibars, 3060 meters. The diurnal temp- 
erature curves indicate that the maximum temperature to be 
reached during the day will not be sufficent to provide free 
convection. 

Turning to the effects of lifting it is seen that a lift 
of 200 meters will so change the structure of t.*e aero s rapn 
curve that any further liftin_ will result in free convection 
with the development of a positive area. This is shown in the 
curvd marked in green. Since the height of Pasaaena will not 
give the lift required for free convection no thunderstorm 
need be anticipated at the station. 

However, the flow of air is from tne west an^ nearby to 
the east of Pasadena lie hills which will provide more than 
enough lift to set off convective action. Since the positive 
area which will be developed by lift contains the ICL at 
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720 millibars, 2740 outers, and extends for some undetermined 
distance beyond the top of the ascent curv% a thunderstorm 
should be expected to occur in the mountains close to Pasa- 
dena. 

The day was clear at Pasadena but thunderstorms accom- 
panied by light showers occurred in the hills just to the 
east, starting at 1710. An increase in the intensity was 
reported as the air continued its flow into the higher area 
still further to the east. 
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SECTION TWO 



FRONTAL T HUNT) ORr TORI IS 

Under this category are included those uhu .derstorms 
occurring in the presence of, and due lo, frontal activity. 
This type may occur at any time of t^e year but is most 
frequently observed during the warn months. They may occur 
in almost ev^ry combination of air masses but due to the 
typical structure of conditional instability and lar^e mois- 
ture content inherent in Tg and Ta air masses, thunderstorms 
will most frequently be found whei*e this air forms the warm 
sector of a frontal disturbance. 

Frontal thunderstorms are nearly identical in the mech- 
anics of formation to the orographical air mass type. Tnis 
may be readily seen when one considers tne trajectories of 
air in the warm sector of a front. In the case of warm front 
thunderstorms t le warm air is lifted by its asc nt over the 
Cold air which it is over-running, this in itself is exactly 
analogous to an orographic obstruction. In addition uo the 
effects of lifting there is a certain amount of divergent 
flow ev rywhere present except near uhe center of low press- 
ure. Here it should be pointed out that divergence will in- 
crease the st bill ty of any stable layer, counteracted in 
soar*- me tsuru by the effects of lifting, but it will increase 
the instability of an unstable layer adding its increase of 
i '.stability to that furnished by lifting aft~r satu^a^ion. 

Further, in the discussion of warm front thunderstorms, 
the possibility of thunderstorms occurring in the cold air 
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velocities of uhe over-running warm air will suddenly be 
iven an additional impulse by the intrusion oi cold air. 
Stations in the -/arm air, near the eurla.ee position of the 
front, whose soundings had indicated them safely out ox 
thunderstorm activity may find that, with the change in dir- 
ection of motion the slope of the front will be increased, 
additional vertical velocities will be given the warm air 
ana, thereby, a frequently unexpected cold front thunder- 
storm will be initiated. Thus thunderstorms occurring 100 to 
200 miles in advance of a slow moving warm front surface pos 
ition will retreat to a position some miles in advance of 
what is now a cold front. Cold front situation tt 7, in chis 
section, gives an example of such an occurrence. 

In this SwCticn several examples of both warm anu cold 
front thunderstorms are presented, wich a bri^f description 
of wnat appear to be the salient features of c~ch. 
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Pens iColi, Florida. 18 January, 1^36. 

This is type ii 5, cold front thunderstorm situation. 

The synoptic chart shows a cold front approaching the 
station from the northwest, distant about 100 miles, on tie 
morning of 18 January. The front is decellerating but should 
pass the station during the afternoon. The air masses involved 
are T^ at tie station and t..e approaching mass, PC3. 

From the aerograph sounding* plotted on an adiabatic 
chart, it may be seen that the air mass now overlying the sta- 
tion is conditionally unstable from 986 millibars, 2aC meters 
to 703 millibars, 3070 meters. 

It can re idily b seen that convections due to insolat- 
ional heating need not be anticipated. The interest of tae 
forecaster is then turned to the amount of lift which , ill be 
required to release the potential instibility of the T& air. 

It is apparent from t .e chart that a lift of 600 metei*s will 
saturate the air from the surface to 2o60 meters it;, ti.e ex- 
ception of a layer at 1900 meters whic.a will be within a f-w 
tenths of a gram of saturation. The effect of convergence, 
discussed earlier, naould certainly overcome this small diii- 
iculty. It is possible teen to conclude that a lift of any- 
thing over 600 meters will be enogii to release the potential 
instability of the air over the station. 

If the salient points of the original ascent curve are 
e .iCh lifted 600 meters, remembering ti.at some will ascend the 
moist adiabatic, some tne dry, and some will follow lirst ti.e 
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dry and then the moist adiahatic for part of ti e uislai.ee, 
curve h 2 will be obtained. 

Inspection of this curve shows that farther lifting will 
result in the particle which has reached 928 millibars, 740 
meters, after lifting from 986 millibars, 240 meters, ascend- 
ing the moist adiabatic through that point. From there up- 
wards it will everywhere be warmer than its surroundings and 
will be continuously accelerated. There will be a positive 
area from 928 millibars, 740 meters, to the top of tie ascent 
curve. The ICL is contained within this area at 590 millibars, 
4470 meters. 

The forecaster may conclude that with a lift of anything' 
over 500 meters, certainly to be expected from tue approach- 
ing fro t, there will be free convection extending from 7a0 
meters, with continuous acceler itions from there to the ICL 
at 4470 meters and increasing beyond that point for a distan- 
ce which cannot be esti .ated. He should predict a thunderstorm 
accompanied by moderate rain and hail, for the station during 
the first forecast period. 

^ thunderstorm occurred over the station at 1135, the 
front passed the station at 1500 with a r^pid drop in temp- 
erature of 18° C. Unfortunately there is no report of the 
type of precipit tion. 
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Pensacola, Florida. b June, 19J6. 

This is type // 5, cold front thunderstorm situation. 

The synoptic chart for the mornin^ of 8 June sho.is a 
qu i.si-stationary front to the northeast of tae station with a 
wed e of high pressure to the north. Sue i motion as the frent 
has experienced has been generally toward the southwest, ^st 
of the station, and north to the west. The air masses invol- 
ved are Tg, oPp and Fc^,, 

From the aerograph curve, plotted on tue adiabatic chart, 
it may De seen that the air mass overlying the station is con- 
ditionally unstable, in efiect, throughout, i’her^ are small 
stable strata, but in the main the mass is conditionally un- 
stable. 

Examination of the chart shows the CCL, usin. 17 gra?.s 
cer kilogram as the actual specific humidity ot the surface 
particle, to be at 884 millibars, 1220 meters. A maximum 
temperature of 31? 5 C. is required ior convection to reach 
that level. The diurnal temperature curves indicate t. it this 
ill probably not be re ched during ths day so attention is 
given to the LC h. If certainty existed that there would be no 
frontal activity near the station the fact that tne LCL is 
found to bo at 958 millibars, 540 meters, would indicate tnat 
no further thought of thunderstorms need be in the forecast- 
ers mind. However, in view of the front near the station and 
the possibility of development of rovement thereon it would be 
well to find what lifting would do to tne air mass structure. 
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If the s tlient points of the orijinui ascent curve a re 
lilted 1000 meters, a reasonable lift considering iront.l 
activity, curve 2 will be obtained. 

Inspection of this curve shows that further lifting will 
result in the particle hich has reached 8^0 millibars, 1180 
meters, after lifting from 998 millibars, 163 meters, ascend- 
ing the moist adiabatic through that oint. *roE there upw rd 
it will be w rmer than its surrou Gin c s and will be continuous- 
ly acceler tea. So with further lifting fcnere will do a posit- 
ive ire- extending from 890 millibars, 1180 meters to u-e tor 
oi tne ascent curve. The ICL is contained A'ithin this area at 
548 millibars, 5220 meters. 

The forecaster may conclude that in t^e case of regener- 
ation of frontal activity and approach to his station, he . ill 
have the probability of free convections extendii^ from 1150 
meters, with continuous accelerations, to the ICL at ~2^0 met- 
ers and for a distance beyond tl«at point which cannot be es- 
timated. He should carefully watch his teletype reports, if 
available, and be prepared to give a su* plementary forecast of 
moderate thunderstorm, accompanied by rain anu hail, for the 
station if the front approaches. 

In this case regeneration of the front occurred, motion 
tow ird the southwest was rapid, and a moderate thurr ,rs torm 
passed over the stati n .t 1610. Gusts of 51 knots were re- 
coraed during t thunderstorm but unflortunately the type of 
rrecipitati n was not reported. 
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EXAMPLE rf 3 



Lakehurst, New Jersey. 13 May, l l J36. 

This is type 4 3, cold front thunders -orm situutioii. 

The synoptic chart shows a cold front approaching the 
station from the west, distant about ISO miles on the morn- 
ing of 13 May. The front is moving steadily eastward at about 
20 miles per hour and should pass the station in the late 
-afternoon. The air masses involved are Tgg at the station and 
the approaching mass, oFo. 

From the aerograph curve it may be seen that tne air 
*ass now overlying the station is conditionally unstable for 
the greater part. Inspection shows t-iat a maximum temperature 
of 35° C. is required for convections to reach the CCL, a 
temperature wnich far exceeds any to be ex^ ectea at the sLa- 
tion. The interest of the forecaster is then turned to the 
amount of lift required to release the potential instability 
of tie air. In view of the approaching front a lift of 1000 
meters is applied to each of the salient points of the orig- 
inal ascent curve. Curve 4 2 is obtained by this operation. 

Inspection of this curve shows that the original inver- 
sion, though reduced, has not been wiped out; but that the 
lower layers have become saturated to 725 millibars, 2820 
meters. It is also to bo noted that above 772 millibars, 

2340 meters, the new curve lies to the left of the moist ad- 
iabatic through that point. ”’ith any further lifting a pos- 
itive area will be developed from 772 millibars, J /6~±0 raeters, 
to t.*e top of the curve. The ICL is contained within this 
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area at 622 millibars, 4100 meters. 

The forecaster nay be assured tnat */it,h a lift of any- 
thing over 1000 meters, certainly to bo oDtuined from the 
approaching front, there will be free convection extending 
from 772 millibars, 2340 meters, with continuous accelerat- 
ions, to the ICL at 4100 meters and above that point for a 
distance which cannot be estimated. A thunderstorm, accom- 
panied by rain, should be predicted for the station for the 
first forecast period. 

A thunderstorm occurred over the station at 1600, un- 
fortunately the type of j recipitation was not reported. The 
cold front passed the station at 1730. 
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EXAMPLE # 4. 

Anacostia, Virginia. 13 Lay, 1936 

This is type # 3, cold front thunderstorm situation. 

The synoptic chart shows a cold front approaching the 
station from the west, distant about 140 miles on the morn- 
ing map. The front is moving east steadily at about 20 miles 
per hour and should pass the station during the afternoon. 

The air masses involved are Tgg and oPo. 

Prom the aerograph curve, plotted on the adiabatic chart 
it may be seen that the air now overlying the station is con- 
ditionally unstable throughout the greater part. Inspection 
shows a maximum temperature of 33?2 C. required for free con- 
vection induced by surface heating, a temperature which ex- 
ceeds the normal for the date at the station. 

The amount of lift which will be required to release 
th potential instability of the air is now investigated. In 
view of the approaching front a lift of 1000 meters is ap- 
plied to each of the salient points of the ascent curve. 

Curve rt ‘2 is obtained from this operation. 

Inspection of this curve shows that the original inver- 
sion, though reduced, has not been w iped out; but that the 
lower layers have become saturated to 625 millibars, 4120 
deters. It is also to be noted that above 820 millibars, 1890 
meters, the new curve is everywhere to the left of the moist 
adiabatic through that point. With any further lifting a pos- 
itive area will be developed from 820 millibars, 1800 meters, 
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to the top of the curve. The ICL is contained within this 
area at 600 milj.it,ars, 4460 meters. 

The forecaster nay be assured that with a lift of any- 
thing over 1000 meters, certainly to be obtained from the 
approaching cold front, he will have free convections ex- 
tending from S20 millibars, 1830 meters, with continuous 
accelerations to the ICL, a distance of 26S0 meters, anc 
for a distance beyond that point whicr. cannot be c-otimated. 
He should predict a thunderstorm, accompanied by moderate 
rain, for the station durin^, the first forecast period. 

A thunderstorm occurred over the station *t 1430, Un- 
fortunately the type and amount of precipitation w-s net re- 
ported. The cold fiont passed the station at auout 15^0. 
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Kortbeast Arkansas. 23 April, 1937. 

This is type n 5, cold front thunderstorm situation. 

The synoptic chart for 22 April shows a rather compile- 

ated cold front running St-Nh through the panhandle of Texas 

J ’ 1 ' 1 1 r*Ai#u « 1*4%, 

and moving to the southeast at approximately 22 miles per 

hour. A flow of Tg is being brought north, induced by the 

■ 

low pressure centered in Iowa. The air masses involved are 
Tg and 3PP5 in the warm sector, x?P3 and Pc^ behind the cold 
front. 

This example passes from station forecasting to the 
wider range of district, for the investigation of t.ie wea- 
ther phenomena associated with such a iday moving and 
complicated frontal system nJist be more <_eneral. 

In this case it is seen from the .^reveport sounding 
for 22 April that T._ air has reached tncre, .*t least In the 

surface levels. Judging from the clo^d drift the upper winds 

* * J fiJLhi 

are enerally south, veering to southwest. Tne velocities 
can only be estimated, but from such pilot balloon runs as 
are available it seems that they approach 3b miles per hour. 

Plotting the Shreveport sounding on an adiabatic chart 
it is seen that, with the present structure, the air over 
tnat station now will not be susceptible to convections due 
to surface heating. Going to the liitiig process, remember- 
ing that the swiftly moving front to t'r e northwest will pro- 
vide a ready agency for lifting, the salient points are each 
lifted 1000 meters. From this o* eration curve ^ d is obtained, 
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with saturation extending up to 729 milj-ibars, 2800 ae tens, 
Tith further lifting that air now at 839 millibxrs, 1610 
meters, will ascend the moist adiabatic through that point. 

It will provide a positive area from there to 716 uillibars, 
3000 meters, where it * ill run into a resistant area, the 
remains of the stron ; inversion from the original curfce. 

This resistant ar a extends to 562 I'illibars, u380 meters, 
and it ie believed that it will be strong enough to block 
convections at that point. It can be seen that either further 
lifting must be anticipated or that the probable efiects of 
convergence be applied to see what will r suit. 

Assuming 20% convergence of mass due to the rapidly mov- 
ing front, and remembering tnnt convergence is applied to the 
pressure difference between each salient point and the sur- 
face point, presuming mass roughly proportional to the press- 
ur , curve 3 is obt ined from curve ? 2. It is seen that 

this last manuever h' s reduced the inversion of the original 
curve to a point where its maximum point lie3 just on the 
moist adiabatic which passes through 830 millibars, 1700 
meters. The resistant area has been completely destroyed and 
there cou ..d be free convection from 1700 meters to the top 
of the curve, *ith accelerations being continuous but a min- 
imum at 600 millibars, 4400 meters, increasing thereafter. 

However, rcalizirg that there is no quantitative nieaiis 
of me curing convergence and that its use is merely a guess 
as to the amount to expect, the original ascent curve is 
again operated on, this time using 1500 meters lift. From this 
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operation curve -/ 4 is obtained. From this curve it is seen 
that any further lifting will r-sult in the formation of a 
positive area extending from 732 ioila.ibu.rs, 2100 mstei-c, to 
618 millibars, 4150 meters, there a slijut resist-nt .area is 
encountered^ 2d Millibars, 400 meters, thick. This vould not 
prove an obut.cle md convection would pass through that layer 
above which lies -nother positive area incre-.sird, in size to 
the top of the curve. The ICL lies it CIO millib re, 4140 
neters. Attention is invited to the similarity of curves ,/ 3 
nc , 4, indie .tin^ tbit in this c ce a convt-x* 0 ouce of 20 # is 
practically eojiivalent to a lift of 500 meters. 

TI e uir, no.- over Shreveport, if lifted 1500 meters, or 
1000 meters with an -ssumed convergence of 20., ill b* in a 
statv. -.here any lurther lifting will result in the re-liz -tion 
o; t .e potential instability ccntaiired therein. Thunderstorms 
should occur, accompanied by hail *nd ruin. 

The next question to consider is, where may it be expect- 
ed tli t this lift will be realized? Considering the flow of 
T 0 to be about 35 ..iles per hour frum the southwest, veering 
to west with nottherly distance {J aineu, and the com utea or 
e>tr polated movement of the front to be abo^t 22 rr.ij.es per 
hour in a southeasterly directiox. it appears th.*t t.ie ^oath- 
«rn ps-rt of Illinois aixd a line extending from there south- 
erly through western Louisiana shoul. hnve cold front thunder- 
storms of considerable intensity st rtir^ early on :3 .pril. 
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Thunderstorms of considerable intensity, accong-anied by 
destructive hail in northeast Arkansas, and extended over a 
long line running from there to the south-southwest, started 



during the ni_ht 
front during the 
front during the 



of , 2!-23 April su.d continued long the cold 
23rd. Tornado-like winds occurred .loiy the 
ni_ht. 
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Dallas, Texas. 2b April, lc>37. 

This is type b, cold front thunderstorm situation. 

The synoptic chart shows a cold front, 130 miles to t*ie 
west of Dallas on the morning of 28 April. It is moving to 
the east and decellerating . The air masses involved are oPco 
approaching Tg in the warm sector with 4 PP 2 and RPc . 0 the 
cold masses. 

In view of the synoptic situation tne air mass structure 
which would interest the Dallas forecaster is not that over- 
ly in ; his station at the time of the morning map out rather 
that which will be over Dallas when the cold front is in 
close enough proximity to his station t® be an active lifting 
apent. Judging from the upper air soundings at the pixot 
balloon run the air mass which is now over San Antonio, and 
whose aerograph sounding is available, is the air most sim- 
ilar to that which should be over Dallas at a time when fron- 
til activity may be expected. In the absence of any setter 
data the forecaster must use this sounding to estimate the 
structure of t .e air. 

The 3an Antonio aerograph sounding was taken at lOoO C.S. 
28 .pril, Plott d on the adiabatic chart it is seen that this 
air with its strong inversion will not be susceptible to con- 
vections cue to surface heating. Considering the possibility 
of lift, since a front is approaching which will serve as a 
remy lifting agent, it is seen that a lift of ap. roxim.-. tely 
2000 meters will be required to remove the inversion. The 
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salient points are each lifted 2000 meier-s axxd curve ,/ 
obtained. It c -n 6e seen that the first t-.ree points are now 
saturated and the inversion is almost removed, It is ~tlsc 
cle ir that further lifting will result in the development of 
a positive area extending; from 728 millibars, 2820 meters, 
to the top of tr.e curve. The ICL is at 674 millibars, 4760 
meters. If two kilometers of lift can be provided the „ir 
which is now over San Antonio will be ready to rel~ se its 
potential instability, for tnere will be continuously incre- 
asing accelerations on a particle from 2820 meters to tne 
ICL, and for a distance beyond that point which cinnot be 
estimated. 

The next question to be considered is whether this con- 
dition may be realized t Dallas. The computed or extrapolated 
movement of the front indicates that it should pass D. lias at 
aoout 0700 C.S. 20 'pril. :n estimate of the trajectory of the 
air at present over .Tan Antonio indie .tes that it should be 
overly in^ O&ilas after midnight. In view of the movement of 
the front a thunderstorm, accompanied by rain and hail, should 
be rredicted for Dallas, to occur durin^ the early morning 
of 23 April. 

A thuj.derstorsr occurred over Dallas from 0600 to 0600 
C.~. time. It w^s accompanied by hil ana moderate r.^in. 
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5XAKPLH # 7. 

I urfreesboro, Tennesse. 30 April, iy37. 

This is type // 5, cold front, launders form situation. 

The synoptic chart for the morning of 29 April shows a 
wurin front just to the north of lurfressboro. It has been 
moving northward very slowly, accompanied by warm iront 
thunderstorm conditions. The air masses involved are 
and R]_Pco. The afternoon map shows a lar 6 e isallobaric high 
formed over the Hast Coast from New Yor* to Virginia. The 
indications rc pointing to a southerly movement of the high 
pressure center now situated over Quebec Province, in case 
mis movement materializes the warm front, now to the north 
of Murfreesboro, will regress and turn into a cold front. 
However, tne over-running of the Tg^ will continue, with its 
vertical component of motion accelerated by the soutn.vara 
movement of the high and the squeezing produced by the con- 
va " 0 encc of the fronts to the west ana north of ^urfreesboro. 
This should .roduce violent thunderstorm activity, and is a 
situation analajous to that in which the CJ.S.S. A/tron w^s 
lost in April, 1933. 

Following the teletype reports, if available, the .,ur- 
ire^sboro observer could see that the front to the north was 
repressing and would recross his station during the morning 
of 30 April. 

In this case, judging from the pilot balloon runs, the 
trajectory of the air no/ over Shreveport on 29 April will 
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cruise it, to be ap;-rcxirj-.tely t-e air which will be ii u.« 
front as it returns to tne vicinity of Murfreesboro. Piottixi 0 
the Ghrev-port aerojrarh sounding on t^e adiabatic ciu*r o it is 
obvious th .t no anticipated suriu.ee tem; orature uilx produce 
convections to t.,e condensation level, however, it is seen 
that a lift of 1500 meters will be sufficient to rele^-e the 
potential instability of the air. .eplottiif_ each of the sal- 
ient points of the original curve ith a lift of 1500 meters, 
it is seen that the first four points are s -tarated a..u that 
further lifting will allow a particle lro.< tne second point, 
S00 millibars, 2000 meters, to rise ai-r^ L»e moist aaid.ba.tic 
through th.t point, following alon^ this moist aaiao^oic it 
is ceen that everywhere the particle will be to the ri^ht of 
curve $ 2, a positive area will extend from oOw iaiixioars, 

2000 aeters, to t..e top of the curve. ?h« ICh, lies within 
this '.rea t 672 mil-.ib.rs, 4-00 meters. t\ particle which can 
bo lifted through 800 millibars .ill be increasingly accel- 
er ted to the ICL. -ncl for a distance beyond thu.t point «hich 
cannot be estimated. 

In view of the synoptic situation the forecaster should 
anticipate severe thunderstorm conditions to occur over ,.ur- 
fre ;suoro during the mornin^ of 30 April. 

> vere thunderstorms, accompanied by .ueav,, hail .nd rain, 
occurred -t "urfreesboro -nd throughout the. district around 
Tennesse -.nd Missouri durir^ the e-rly morning oi 30 April# 
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EX'VFLS # 8 



Coco 8olo, C.E. 15 November, 1956. 

This is type n 5, cold front thunderstorm situation. 

This example of a cold front thunderstorm situation is 
offered for the unusual values of humidity found extending 
to the top of the aerograph curve, and for the fact trot al- 
though the positive rea is not nearly an lar^'e as other ex- 
amples presented, it resulted in the '*'ost severe thunderstorm 
th-t occurred over this r»t tion since records h«.ve bedn kept. 

Consider- tion of the synoptic chart shows a ccld front 
approaching the station fror the north. Naturally tie front 
is decelerating, but by extrapolating its pwst movement it 
sooulc. pass the st tion during the afternoon. The air masses 
involved are 'dm at the station and the approaching r>iS6, Pco. 

From the aerograph curve, plotted on the adiabatic chart, 
it may be seen ttr t the air mass now overlying the station is 
conditionally urr t ble from 9G4 millibars, 390 meters, to 644 
millibars, 3820 meters. 

It can readily be seen that no expected surface temper- 
ature will bo high enough to develop free convections, ho the 
forecasters attention is turned to the amount of lift required 
.or free convection. If a lift cf 500 meters is applied to 
t e silent points of the original curve it is seen that the 
air will be satur ted from the surface layer to 790 millibars, 
2100 neters, and tl t any further liftiig will cause the low- 
er layers to rise along the moist adiabatic wher^ they vill 
be everywhere warmer tlian their surroundings. If the ascent 
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curve of a particle 1< aving the saturated layer is plotted it 
will show a positive area extending to. the top of t;e ascent 
curve . 

If a lift of 1000 meters is assumed, and the liitir^ pro- 
cedure carried out, it is found that there is practically no 
increase in the positive area; this result could have been 
foreseen if it had been noted that the whole curve is prac- 
tically in neutral equilibrium for the saturated condition, 
since the total change of the equivalent potential temperature 
over the sounding is but seven degrees. 

Considering the adiabatic plot it is seen that the ICL 
is within the positive area at 542 millibars, 5280 meters. 
There will be continuous acceleration on a particle from 792 
millibars, 2100 meters, to the ICL and for an undetermined 
distance beyond th it '"'oint. 

It is believed that a thunders torn would be predicted 
by rost forec sterr in this situation. However, it is not 
believed that many would have anticipated such a violent 
thunderstorm s occurred, undoubtedly due to the lar^e quan- 
tity of water v por present throughout the air mass and to 
the possibility of a sharp falling off in water vapor at 
levels above the sounding. 

A most violent thunderstorm, accompanied by 3.'l5 of rain, 
occurred over the st tion at 1710. 
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EXAMPLE it 9. 

Scott Field, Illinois. 5 ;.uy, 1936. 

This is type * r 3, warm front thunderstorm situation. 

The synoptic chart shows a somewhat complicated frontal 
system about 130 miles southwest of the station. It will act 
more or less as a warm front and is moving very slowly nor- 
theastward. The station lies in R?co under the warm front, 
witn Tg 2 over-running. Inspection of the sounding shows that 
the frontal zone is at an altitude of approximately 2000 
meters. 

An inspection of the upper winds shows that tne air now 
at Oklahoma City is the closest approximation the forecaster 
can obtain to that which will be over-running the station 
during the forec st period. Examination of the Oklahoma sound 
ing shows that the air up to 2580 meters is in neutral equi- 
librium for the saturated state but conditionally unstable 
above that point. However, since the^ £ is only reported to 
the nearest whole degree, it is advisable to plot the sound- 
ing on the adiabatic chart and lift the mass 1300 meters, 
hich is sufficent to saturate the apparently neutral iayer. 
Upon performing this operation it is found that a slight 
degree of instability does exist above the third point from 
the surface. 

t this st ige another factor must be considered; the 
forecaster is dealing with a warm front, and although con- 
vergence may be present in the old polar air beneath the 
front, the flow in the warm air over the front is anti-cy- 
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clonic and therefore some divergence is present. This u pre- 
viously mentioned, will increase the instability of the Tg£ 
air after it has become saturated and its conditional instab- 
ility realized. 

This factor should be the decisive one and a mild thun- 
derstorm forecast for the station. The curve has been drawn 
for the Tg after being lifted 2000 meters, this being approx- 
inritely the height of the front over the station. However, in 
arriving at the thunderstorm forecast, it must be borne in 
mind that instability was developed after a lift of 1300 met- 
ers and that tl" e rising particle has teen accelerated, before 
reaching the ICL, for 700 meters more than shown on the ad- 
iabatic cl art, or a total distance of 1870 meters. 

A mild thunderstorm occurred over the station at 1400 
K.S.T., accompanied by light rain. 
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svajwic ai turty-z hprii, loom. 

Thi » situ tivn 1 presented .8 an (♦x^unpl# uf the » — nner 
in whieu a dee'. io« pressure are*.. iu Uxe nocky . oux w-ia 6UU& 
will indue# & :1 cm of ? 0 ir to toe o-ac o. tne Locititc and 
produce widespread tnundereforxae throughout the ..i«*i^Li,;pi 
V-tlle.. ard the noutu-*e»t* 

'he synoptic c: -rt for 0«. xO ... on 31 n<*ruh, -L^us a 
.!«*' low, 33*2, centered in no- the u t ..V/adx ax.. u front s«.p- 
er tir,j Fc and or tip lyir^ inland ir^. w« -.ot u» v julf 
Co .. t* . This front h d -loved do./n r idly fruu the r rtL« cut 
curln 0 tne prace oin day but tr.c teat >.;n . art is .«»•■ aecel- 
eretlu* shown bj u.e .-act that u.e ,.r tundeucie® on 

botl pides of it re very ,.<uM‘ly e^a>l. 

-lU ou c l »t t o surface hm t'utiu it in the I-a 4 j.ir, 
u»e cloud drift ix. froi the tout; -st and several au^u^na 
to t.i« north i’cj oirt *ito-cu-. ului. frou the soot-*. e«t. .ii_s 
^ouxd surest over-r^nnix^ of U.e c by ?_ ir, a i«.ct con- 
firmed by th** sounding t Can Antonio, uhich chows & 1-r^e 
increase of 0e at 280 f*ters, from 312® #t toe ^url-ce to 
332° at thj.s point. The structure f tl is point upward is 
coxvi tioruliy un;t ble -nd the v.-luoo of the lift required 
sho' that ux xd.itionsi 1000 rater lift -ill be suffictnt to 
reie 3© the conditional instability ox the air. Since th© 
cion drift hr, indicat-d this to be tafci /x*, pl-*ce, thur.der- 
s to r?.s ar« to be »x[ • cted in ouatexn central 'issisclppi 
V«lley durl.< t t; e next twenty four .ours* 
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The map for 1 April shows th .t the expected development 
has taken place, although the thunders tome did no t develop 
until 2100 on 31 .urea, and none are reported in western Okla- 
homa. This is probably due to tne fact tuat t^e air over-run- 
ning the front in western Texas is oPp^ which is nut unstable. 
The wave located in e- stern Texas on the 31 harch map is now 
centered in northern 'issiosippi, with lar^e negative tenden- 
cies to the nottlie^st of it, indicating a deopenir^ ,/itn a 
consequent southeasterly movement of the cold front behind it. 
The aerograph soandi g for ^hrevoport for this uorni ^ defin- 
itely snows that Tg air with consiuernbie conditional instab- 
ility is moving northward over the /arm front. 

The map for 2 .pril shows this development to have taken 
place; the southern section of the front is no / in uhe uulf, 
and an easterly movement indxcated for the entire iront. Bur- 
in^ the period from OoOO 1 April to 0o33 2 April the tuunder- 
storm area moved to the eastward but did n^t decre ice in size; 
in fact the intensities increased due to the front and instab- 
ility. 

The anticipated movement from 2-3 April can oe expected 
* to remove the T 0 air from the continent and the map oi 3 April 
shows the entire United States, west of the nockies, invaded 
by J c air. 
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SYNOPTIC SITUATION 25 April-22 April, 1036. 

This situation is presented to illustrate toe manner’ in 
which a warm front ith considerable tuunfiers term ...ctivity is 
frequently found on a quasi-st .tionary front lyiiv> just. east 
of the Rocky Mount rins . 

The 0800 map for 25 April sno vts an almost stationary 
front separating Pc^ to the north nd a mixture of o.pj to 
the south, running through Colorauo, 'Cans is and is.-ouri, and 
a arm front sep rating the ?p air from \Fc ^ located approx- 
i. lately along the rississippi River. 7 1 e j.r^dient in Texas and 
Oklahoma shows th* t air is being dr >*n up from tne Guli, a 
i.a.ct which is confirmed by 25 to 3^ knot winds in tne u t per 
air. Unfortunately there is no ooundin^ from San Antonio on 
thiA d te to verify t .e influx of r c . The up.e; winds in the 
. ighest levels are from the north vnd northwest, inoica ting 
tr»\t tue air aloft is orp 0 , which has approximately u-c same 
tern, er.tture as the Tg but contains very little moisture. The 
presence of a dry liyer over a moist one, without the pres- 
ence of an inversion, produces a high ae 0 ree of instabixity, 
conditional, due to the r«.pid decre se of &e with ititade. 

Thunderstorms have already develo_ ea along the xront in 
Pans s, Oklahoma ana northern T^xas oy late afternoon on the 
hath. The situation h< s become more obvious on the O._30 map 
for o.*e 26th. The sounding from . \n Antonio shows the pres- 
ence of air approaching t..e cl rxcteristics of T 0 , wuicn will 
be rendered unstable by « 2000 meter lift. No movement is in- 
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die itad for the front except in west Tex*s where lar 0 e posit- 
ive tendencies i; die te a northerly movement. 

Thunderstorms have developed all jilon t t e fro t Oj 2000 
26 Anri I ? and the OtOO map for 27 April shows a ..ell developed 
v rm front through Kentucky, Missouri •>nd south' . rr. ..Hindis. 
The sounding from 'Thrcveport rhe s fiat t..e air flowing north 
cv this section is conditionally unsttola from 1^00 .oters 
to the to of the so.ndirvf ax'd reouires only v 2000 a*Lir 
lift to ^roduce inst-bility. Th* • .. front thuuaerstoi .<s con- 

tinue throughout the day tnd sc-.tt-red xir mass thunderstorms 
v ”e r< £ orted alon.^ the Gulf Coast. 

liy the mornin ■ of the 28 th the T. is *t the surf.cn -.s 
lar r icrtxi s the Jr . t b... es. 'he sound in 0 s fron Jhnv: port 
an Pens-col-i ( vir m«.ss ex«r.nl 1 ) ho* th..t suri^c - 
temperatures of 27?8 C. will be suffice!) t to produce conv ct- 
ivn thunderstorms, t. use occurred i: the .fternoon «... f*r 
north as Detroit. 
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SECTION TlihISS 



Pre-frontal thunderstorms produce by a co.ver 0 ent 
field of motion. 

Inis type of thunderstorm is -ivan a section in tn^ or- 
iginal clussif ication solely because it Mb I'requentls ^ten 
referred to by others. It is our belie*, t* ?tt this aeoiJTiat- 
i° < Could as well be; oroduced by >\ lift, produced by tn 
oro ranlric obstruction, Droduced by iu^olutionvl naiuij. , or 
produced by a cor*bi '.ti on of these ->d co’vsr^ence. 

lonver^ence rtsis -s ±ny qu^ntit tive in-.lysi v -. it is 
fc*.. to exist arm c*n be sho*n, on n.e teorolojic il c lArts, 
to ve a decided effect, .o cve-r, to < --situate a ty e <f 
t!.u*'Uerstor*r as initi ted by conver*, er.ee tee.£ to u^.st 
that a meisure of such convenience c n be used to S'jy , 

”T..is mch co ver/ence vill produce so . acn efiect. 1 To cute 
mere is no me ~np available with which to iKisure convex - 
net quantitative ly , in prxcticil forec i-stira* . 

There is no definite point where it cm be said trat a 
pre rontal thunderstorm ce -ss to be produced by lifting and 
is rroduced by a co ver.en t field of jotion. In the r< re 
c -ses of thunderstorms in the cold ir under w-.r* front 
t -e. c-.use nijy Just is - ell oe i~.id to insolati^iu.1 .e..tirqj 
is to the effect of t- e corverje. t field of motion. 

i'here »re undoubtedly thurderstorcr producea which can 
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not be explained ox. the basic of any one tea as ura bits iictor, 
several factors may have contributed to tne final in. pulse 
which rc.le--.sed the potential instability . If, as su^csued 
by t. e title of this thunderstorm type, there is frontal 
activity present then there is certainly lifting of the air 
into which one air &r,L is intruding, in the c- go of the 
cold front, and there is also vcrtic .1 motion in the cold air 
underlying, in the c.'Ge of the vara front, "here this lifting, 
or vertical motion, initiates is no more .nd no lore ir -a ris- 
ible than the amount of convergence present; but it too has 
ita effect in the production of a thunderstorm. 

if one is in doubt as to the exact cause of a bhuxider- 
s torn it would appear that calling it a separate type, pro- 
duced b* «.n unme.isurxble, intan. ible cause is not wnolly 
justified, 

T.iO types listed in sections one and ^o, to^etuer aith 
v rations in expected position of development *uica ^ 
be attributed to trajectories from t-.e poi.it of i-icc^tic-r. of 
convective activity to the point of realization of the thun- 
erstorcn, seen suf-iccnt to explain the thunderstorm phv.n- 
cmen> wits. vhich the forecaster can su c 9-53 fully d^al. 
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Trajectories of thunderstorms. 

The traj ctor, of a thunderstorm is of imp-nt-aice to 
njy forecaster, hut it is of particular ia. r orimce in air- 
craft operations, especially on sc, cdulcd ir lines. 

\ny thunderstorm, no ; itt-.r Lca pi’cduccd, is cj. tained 
in on. air macs &nc travels wi wh t. c eneral fiOiv. si this 
scanner convectioi s -vhich are : reduce-- in C:»e re , ■ nl main- 
V-iriod, may . reduce or continue thu. dors to ms f-r from the 
point of origin. Thus the jener 1 trajectory of thunderstorms 
. y he estimated : rooi tne upper wind vexocities ohtainca fmm 
pilot balloon councils, from we force-. ctii> w , oira of view 
rj owled^e 01 thunderstorm conditions existing in an -rta 
iron *-hich t..e up. er inds .ay cirrj Wem to tie lowcaotero 
st tion is of importance in *rrivi.\, it u force : t. imilarly 
loc *1 topo rt. j f Xiivor t» * b»v« lop&ent of t u..u=rstorms, 
in cert i» situations, -ich ill oe carried tie station 
in tne ^envral drift; ti •; elxost uaiiy occurr.nco of summer 
afternoon thu.jdcrstcrr f no ir benv:r is .n excellent «xampj.e of 
t- is condition. 

The extra- tro. ical cjclo*»e -it. mi o h en arx sector ; ives 
an excellent example of ossiblc tf ■ unde ro tore trajectories. 

: ile not . v ve formation in tho strict cei-oe, • coi.fi^ur- 
- tion si’ ilar to this is u fr_c,Ucnt occurrence in the middle 
c t. 
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c • : jl.. ee or necessity; out in the case of bc.-euUiea air 

i . ■utiono such fli.n t paths c n and should be tne con- 

ci' e. of tic o sf teher. A Know^ed^e oi Uit plo.ce of 

* . itilufc, ;rcl*i.-ie •. u and velocity of tne thun- 
c.erv't ’nc oie U ° i t y t . on to be pioitec to ovoid 

u e -re i" .f :t u lx.„ . . Cw-dition siu.ix^r to 

trie dia*.r .-eve, when in ir. v ire t ciear an - lrci-if t 

frou point tc , ghouls icid to •• u-cisiun to wrnei* the 
flight to i'oiio „n*. flight path .'.-U- . in this flight he 
woulo fly at a sui -• icently low altitude, topography ;eririt- 
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tln£, to fly under the warm trout to point J. Lari „ ci-vta .« 
he could jo over the top, nijht flights *i u,*la CJ o b iu&io.vou 
In this manner he -wolds the thunderstorms in the Curra.t 

over-runni the warm front, tnd such thunci* returns as .i_jj 
he .et in the cold air will be widely ^co.tt*red and of client 
intensity. Fro® B to C he is fiyiiy, behind th* cola iront 
and in this manner avoids the cold fro.,t thunderstorms, which 
-re the most violent and wv be pr ctically continuous over 
a lo.-jT front. In this regard it is well to reanetiber th-*t 
. rsa front thunderstorm's will be hi te h level disturbances 
while cold front t) undarstorms r\ay extend from comparatively 
low levels to hei^nts above the mxi.vum Altitude of present 
b xy Aircraft# 
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In regard to tna moat probable hours of occurrence of 
thunders tor? s a /He vari is to _e fvuAd depenuift^ u. on 
t .o vvri-.uo tyjes, m «. o terrain over «. ic’u t-ey OvC .:, 
i*n.i .re*s or «e<. rtnt-1 thunder* to* .. .« — «y «cour *t 
ti*»e of ti.ii <j*> or ..i. ht since „noir iwV-vion ib ii , .d* i '*ad- 
ent 01 the temperature of tnr, uru-iC^ .A is * iu*cti /n of 
tl. vemeuu 01 the sir ..» t >.-*o involved . if uvw-iu-, *ont- 
j. 1 t unfiti b '.crt.- should iv.. ch their intensity carri^ 

t ■ •■ : i^:.t, a.o to *• Jtecpciiii\ of l « JUf « r-.t- o;. r hi t- 
icn-i couiin*, froi V* ^ vaOj P O i the cio’iio ^j'er. U.ia 

effect «o~ic sc creel, l*« notice -bl« in * c^lo irant 
since it *oUi.d to . xi 0 :.t if r*r~rti..' U L..eir in- 

vtrr-iti . The .. »r-- fvo.it t; uixierstor -t, on >.t other n^-d, u-y 
o*- intensified, or even initiate bp r»v.i~ ti^nil c toxin . 

Oro, r.pliicci then- r* tore* tx;- *ju u occxr .t -n; hc-r, U.t 
t e arc uo:*e ir:,.nht dar th = i xf teruoor, , u ev-.-iJ^ 

*.' •en convections cue to aurtneo hc*ti.» in utir rev- 

to. u :•>.$ it nivf t iairly 1 trengr flot is repair*.'- to uv«r- 
co.u ' the '.aunt.-. in tre%ae e;;ect end utili ;> X V/ Ci* U*- ^ C» W ut **•£.*• 45 X *** 

L ^ S * 

• onv^ctive t. a' ' era tore. *ctivitf» due to in.»ol .ti -n -i 
f: tl: , if. limited to the l.te 1 c-rhoon .;*C. ve i.^,, over 

i*r »r«- . , ainc-i tl<*' foi-con u _ch .. them aim u. . *.»« 

i* r -t that ti-e. In £ .ct t'.cae lorce. ciss> >* r u t ni w ht, 
ai Iv t J tnu “ tort.«i r t. c ^inteihoh for . o ..o^re 
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after sunset by radiation &I cooIir M , fro** c« e uoj- oi v, e ci-ud. 
Observations sr»o -tj th t *ir ti-ass thunder.' tor*, activity over t..e 

oco inf >«.*» ft v.xi dirin- t e •, *ri j :>orn:. , h^ui*« -;.u Is a 

Etinif-ui'i <\uri?i.f t .. ii !'t tu'i-'i, ' h ■ : .. *ucv- -•-*u theory 

explmlnin t< i« of t. u- rii .ctivit; , k .Ci j-.c the 

cfevelo t of n<ce • ,r inutebi lit;* t< . . Ji.. ticu. »*. ouuj.i.:vj of 
the ir >*r ilr, Mo ....e « ■>:•* *c« l*. • it. t *ii , r-^ac- 

*.jl_ oo;ul‘~t tfiir r ta;v • - • to the :-)** «• oi t-.-- . t - 

'url ee. : vertj>r t c rt-lr. l^v’-l. < . tin i.rudiCt . *iteep- 

eei- 0 r t. •• i' r ' •• • -v- «1KI pro *: t“ • • : wiv- < • 

© • t« i -lJ'tr ti thi* \rt v*ii — e i ce, .t , r- i < . t, ..o 

so in?! i • fr . a i «t • r » »!M tfrt ii:i«fc 1j . 

' evelor**rt • •*. a; • o. t « r»< to ir« tetru^r .i*.l 
undoubted 1> i« i.<2 t- • ch ti&n# c - rl*t« *. .-><* Iv4 * ■ *..« u . u sr- 

at n-M: ' of thud' r't« * >, i -c- i* Lit r •* t ol 

C‘»- -o t* e fti’tiyity «•> t*. df, fir xbsv*. t . eight* ru jo 

b; • urvr* »*« 1 o ifid i»v • . co.;r*t» f^r+ceet •«.* -t u-e t„ i « of 

? reel” it*tion or infen*: t; o:' t .*• < tfctr. *. . r. . f >ra. u i-« .j.ce s© 
ion ns t i rY ne of t e curve# etov* tie ii. it oi tne uarv 
:.r*r.:. eeundid, i* n »*. tt'-” of colijecture. 
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Sines ©any of t « ideas involved in forec-ioUL.*, u-unt;er- 
;* worm develop' ent -.r ..'id*, ly u*tt-arc t. ou.t.vjt viUa ; , 

it h .s b«i-3. C>:; .«(i .l vise. Is _v> collect ;*;ft «t v..- «,w > i*.« 
port i.t ir. ar. cxtli ■ 1 of ’u^abted pvt • adw.ro. 

1. efeiTiOt, t- t~« C-: n«j, v ie e...rt, ii; **.» v air 

!. . 5 *. *111 t* ov r u e ob bier. ; ix i. i f^rac b . iod, 

2. -o/ airtei'i t..«- l;'*JeelOfj j: *ir, t ot u.~ scund- 

in * ic- • .-Jib r. «. **iy ;r-xi. • tss b •) *ir r «s. *.v • cte-t «r.d 

4* .i we - tr. *• bare rr./jlr d bo p: >.ujo (rtv b, vectlons, 

• ••■i b • 15 t b*C". r; if oro_ v-.pt ie«_ xi. vi . i p cinx*. 

5 -i- v. b' •• prob . Hit., of u * repairs- burs wii:^ 

• c -i i r t « 1 .r ax b- •’ :• w-.- e r/*s. 

b. 1 . . v . r v vl ..e «x, «ct« ‘.ari.. . w «. fore- 

c • b . «i. .fttr i >t u i b of xifb r-:.uli*sa ,y roduce 

I- . b . li . 

. ’To:. * ki:o*l«d .. ot b- e 3 / tv- tic friu^cion, Ate 

• com , w t».« f Ici. 'ill t*vko in tie st.*'‘uc x.r* ot t:»* »ir 

> •riu* t .* !vr*c »ot t o, . u*ir effect u '-on i to *• t^bilxty . 

b. Havin. *.x‘ i/ed it . ’ -cisivn 1 * 0 ,. irdi:*. U: . - of 

t . 0 ; wc • * c »•,!, : o U ‘ ixr of t.u 1 tive 

iv j »«•- it' io-:. V v; t o v i'.; tic oi'.vt, f- -1. ebe 

i j 1 1 1. . .1 .1 b; • of t .,. t j .v.'.jr 1 Hu 1 t; 1. *» of . racial v& hii>»* t., ce 

< • • «ct*d . 

• "Ob ♦! l e of ioc 'l CO ' i bi’-*; , . b *• v.lu»t® 

r ’i- b • IMliy : ’ V. -b.icii are velep- 

• * •• i^vsa? r« in =•!*. uvorAb-ft ^oc-tio. o*-:i^ c-rriec. 
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to t e r. titi.cn in tte ,cy or L ,.ri t. 

f 

7 “? 






























•u* 4-4. W* »4*1 4 »UW£t 434 W- JftllttW .4 

'• * « • - *.-> 4MUI^ M , u4 

« rl « a #410 oi4* -i 















M4A.4* 







C«4& %• • 




\l ,* 



. IH4, Ml 




44*4* 4 



*• i«KUtf 

»44 4 «M#I ,.^»44 Uid.te «B «OiJ -a Ol <4«. f«gr«fl 



i 



4 



\ 



i »% HMm* 4 «0fvl *4 

*» r, diiUtM i ^ *t-*» -9 

A *A d* » M» t 344 

tt^i »U .12 1*1/444 *Q U 






